As individual success often comes at the expense of others, interactions between the members of a species are frequently antagonistic, especially in the context of reproduction. In theory, this conflict may be reduced in magnitude when kin interact, as cooperative behaviour between relatives can result in increased inclusive fitness. Recent tests of the potential role of cooperative behaviour between brothers in Drosophila melanogaster have proved to be both exciting and controversial. We set out to replicate these experiments, which have profound implications for the study of kin selection and sexual conflict, and to expand upon them by also examining the potential role of kinship between males and females in reproductive interactions. While we did observe reduced fighting and courtship effort between competing brothers, contrary to previous studies we did not detect any fitness benefit to females as a result of the modification of male antagonistic behaviours. Furthermore, we did not observe any differential treatment of females by their brothers, as would be expected if the intensity of sexual conflict was mediated by kin selection. In the light of these results, we propose an alternative explanation for observed differences in male-male conflict and provide preliminary empirical support for this hypothesis.
Introduction
An individual's fitness is defined by the size of their contribution of alleles to the next generation [1] . As such, there is often strong selection on individuals for traits and/or behaviours that maximize fitness via outcompeting rivals [2] [3] [4] . Such 'selfish' strategies are favoured by selection when an individual is surrounded by unrelated conspecifics, because fitness is strongly associated with the 'direct' transmission of genetic material from parent to offspring [5, 6] . However, when the competitors also include relatives, it may be beneficial (and thus adaptive) to act less antagonistically towards those individuals. This is because the reproductive success of one's relatives also results in 'indirect' fitness benefits owing to the increased transmission of alleles inherited from a common ancestor [7] . Thus, according to kin selection theory, it is hypothesized that individuals should act more altruistically towards their relatives to maximize their inclusive fitness, as long as the net benefit(s) outweigh costs [7, 8] .
Several theoretical studies have attempted to identify how the predictions of kin selection theory may interact with those of sexual conflict theory [8] [9] [10] . According to these models, there are circumstances in which altruistic behaviour towards relatives should occur, both in intra-sexual interactions [9, 10] and in inter-sexual interactions [8] . When competing against same-sex relatives, one adaptive strategy is to reduce the amount of harm inflicted on these 'rivals', thereby maximizing potential inclusive fitness benefits via the enhanced success of relatives and the shared reproductive resource [10] . When the potential for mating exists between relatives, it is further hypothesized that there exists an optimal level for inbreeding, where it can be beneficial to mate with a relative [8] . In these situations, where an individual benefits from the increased transmission of alleles owing to shared ancestry with a related mate, a reduction & 2015 The Author(s) Published by the Royal Society. All rights reserved.
in the level of inter-sexual harm on this relative and thus a direct gain (owing to lifetime reproductive success (LRS) of a related mate) is also predicted to occur [8] .
Inspired by these predictions, Carazo et al. [11] attempted to empirically determine whether the presence of familial bonds between potential male rivals modulated the expression of antagonistic behaviour and subsequently influenced fitness outcomes using the model species Drosophila melanogaster. In D. melanogaster, males often fight with each other for pre-copulatory access to females [12] [13] [14] , and competition continues in the post-copulatory realm via the effects of the sperm and accessory gland products (ACPs) of rival males, which are transferred in their ejaculates [15] . Females are often harmed by males, as a direct result of harassment by courting males [16] [17] [18] [19] [20] , the physical harm associated with mating [16, 21, 22] and/or the toxic side effects of the ACPs [23] [24] [25] [26] [27] . With a wide variety of well-documented intra-and inter-sexual interactions, this species is well suited to the study of sexual conflict. In a series of assays, Carazo et al. [11] experimentally housed a single adult female fly with three males (all unrelated to her) where the relatedness between these rivals was experimentally manipulated. Groups comprise: (i) full-sibling males, (ii) unrelated males, or (iii) two brothers and a third unrelated male. Male behavioural traits, such as the frequency of male-male fighting, the intensity of courtship and mating rate were measured, as were a number of male fitness variables. The longevity, reproductive lifespan and LRS of the females were measured. They observed that when some (or all) males in a group were related, fighting frequencies and courtship intensities were significantly lower than in groups of unrelated males. Furthermore, females housed with groups of brothers lived longer, and produced more offspring than females housed with groups of unrelated males, a finding that Carazo et al. [11] attributed to differences in harm associated with copulatory behaviours. Overall, Carazo et al. [11] concluded that male flies modulated their intra-sexual behaviour to act less selfishly towards relatives in order to benefit via indirect fitness gains in a manner theoretically consistent with the predictions of kin selection and inclusive fitness models [8, 10] .
The results of Carazo et al. [11] -which have potentially broad implications for the understanding of sexual selection and the evolution of fitness-maximizing strategies [28] -have been received with great interest [28] and some scepticism. Hollis et al. [29] argued that by failing to properly control for developmental and social familiarity between relatives, the results of Carazo et al. [11] cannot be clearly interpreted as arising due to kin selection alone. Specifically, Hollis et al. [29] argued that increased male-male aggression in the unrelated males treatment could be an artefact of the pre-trial developmental conditions. Whereas the relatives all developed in the same vial, the unrelated individuals were all obtained from different vials. Thus, the difference ascribed to perception of kinship might be owing to social/developmental familiarity. In order to test this theory, Hollis et al. [29] conducted their own set of experiments where relatedness and developmental familiarity were independently manipulated. They found that females housed with sets of brothers had greater LRS, but that this effect was only manifested if those brothers had also shared a pre-trial developmental environment. Brothers reared in separate vials had the same effect on female LRS as sets of unrelated (and unfamiliar) males. As Hollis et al. [29] did not measure male-male aggression or courtship intensity, the functional changes responsible for the differences in female LRS could only be inferred. A follow-up experiment by Carazo et al. [30] has also reported higher rates of male-male fighting (but not courtship intensity) when males are unrelated and unfamiliar to each other (reared in separate vials) compared with groups of brothers raised in the same environment. Most recently, a study by Chippindale et al. [31] that used a similar protocol to that of Carazo et al. [11] failed to find any significant differences in the longevity, reproductive lifespan or LRS of females housed with three brothers or three unrelated males.
Together, these studies offer an intriguing (albeit controversial) preliminary perspective on the role for relatedness/kin selection in behaviour modulation, particularly because their findings are in some cases at odds with one another. Moreover, many aspects of the role of kin selection and its relation to the study of sexual conflict remain unknown and untested. Of considerable importance is the role of inter-sexual relatedness: what happens when males encounter their sisters as potential mates? The logic invoked by Carazo et al. [11] and Pizzari et al. [10] for behavioural modification driven by kin selection in intra-sexual interactions should also apply for inter-sexual interactions. In a species such as D. melanogaster where there is considerable inter-locus sexual conflict [15] [16] [17] [18] [19] [20] [21] , small changes in the intensity of inter-sexual interactions have the potential to dramatically affect male and female LRS. Thus, determining how kinship and social dynamics might influence sexual conflict has important implications for understanding sexual coevolution in this species, as well as for social evolution in general [28] .
In order to more fully understand the role of inter-and intra-sexual relatedness on reproductive behaviour and fitness, we conducted a series of experiments designed to replicate and elaborate upon the first Carazo et al. [11] study. Using D. melanogaster, we examined variation in behaviour and fitness under a number of possible mating and social settings that differed in the potential for male-male competition, the degree of relatedness between males and the relatedness of male(s) to a target female. We measured the effects of these combinations in a number of ways: by quantifying male fighting frequencies, courtship intensities, female longevities, female reproductive lifespans and LRS. We designed this study to provide our own assessment for the role (if any) for relatedness and kin selection in inter-and intra-sexual selection.
Material and methods (a) Experimental population and culturing protocol
All flies used in this study originated from the large, outbred, wildtype Ives (hereafter 'IV') population of D. melanogaster, which was created using a sample of wild-caught flies from South Amherst, MA, USA in 1975 and has been maintained under standardized culture conditions since 1980 [32] . Our population was obtained from the laboratory of Adam Chippindale (Queen's University, Kingston, Canada) in 2011. These flies are housed in vials containing a standard banana/agar/killed-yeast medium, and develop at a controlled density of approximately 100 eggs per vial. Flies are raised at 258C and 60% humidity, on a 12 L : 12 D diurnal light cycle, and this population is maintained on a discrete (non-overlapping) 14-day generation culture cycle; flies are cultured en masse using light CO 2 anaesthesia [33] .
From the IV population, we created 45 familial lineages for use in our assays. Each lineage was created by first mating a virgin female to a single, randomly selected, unrelated male. In each of the following 12 generations, a single virgin brother and sister were mated to propagate the lineage. Subsequently, the size of each lineage was increased to 100 adults per generation and cultured every 14 days on non-overlapping generations. Before the start of the assay, a replicate culture of each lineage, temporally offset by 7 days, was established, which permitted continuous access to young adult males (less than 4 days post-eclosion) from each lineage throughout the course of the experiment. The protocol for the creation of familial lineages resulted in individuals in each familial lineage having a high degree of relatedness (at least r ¼ 0.9255, as per Falconer [1] ). We used these highly related familial lineages in our experiment in order to maximize the probability that any kin-related changes to sexual interactions would be detected. Furthermore, if there exists preference for mating with relatives, as a number of past studies have suggested [33, 34] , and if this preference is driven by genetic factors, inbreeding should enhance these preferences. The use of highly inbred lines, however, does come with the caveat that fitness-associated traits often exhibit directional dominance [35 -37] , with inbreeding resulting in reduced fitness in offspring. If kin recognition is such a trait, our inbreeding procedure may have (ironically) resulted in flies with reduced ability to detect their kin.
(b) Mating treatments and fly handling
We began by collecting five adult females as virgins (less than 2 h of eclosion) from each of the 45 familial lineages, which were held individually in vials containing standard medium. At the same time, adult males were also collected as virgins (less than 2 h of eclosion) from all familial lineages. Males were assigned to one of five different experimental treatments (electronic supplementary material, figure S1) compiled in replicate for each family (n ¼ 45) and were held in these groups for a maximum of 72 h post-eclosion until the start of the experiment. While we did not control for larval social familiarity, all triple-male groups received comparable adult socialization prior to introduction to the female, regardless of their treatment. Additionally, if larval familiarity is required for kin recognition, allowing brothers to develop in the same environment should increase their ability to modulate their behaviour when encountering each other.
Our treatments were designed to test the following questions: (i) does the relatedness of a group of males alter intra-sexual behavioural interactions and/or their effects on a target female? and (ii) does relatedness between the sexes alter the inter-sexual interactions between a single male or group of males and a target female, or influence a female's fitness or longevity? The experimental treatments were: (i) 'related-pair', a single male from the same familial lineage as the target female; (ii) 'unrelated-pair', a single male from a different familial lineage than the target female; (iii) 'all-related', three males related to each other (same familial lineage) and to the target female; (iv) 'males-related', three males related to each other but from a different familial lineage than the target female; and (v) 'all-unrelated', three males unrelated (different familial lineages) to either each other or to the target female. In treatments involving unrelated males (both single-and triple-male treatments) combinations of lineages were assigned randomly and were equally represented. To better study the consequences arising from male-male competition, we ensured that for each set of treatments for individual females of a given familial lineage, the same lineage of males was used in the unrelated-pair treatment as in the males-related treatment (electronic supplementary material, figure S1 ).
(c) Longevity and male behaviour experiment
The experiment began by combining unanaesthetized males and females into a single vial by lightly tapping the male(s) into each female's vial. Following the combination of flies, all vials (n ¼ 45 Â 5 ¼ 225) were placed horizontally in a quiet, temperature-and-humidity-controlled room. Vials were observed and behaviours scored daily in five sessions beginning at 9.00. In each session, vials were scanned for a period of 5 s each, during which counts were made of the number of instances of copulation, courtship or fighting between males. In the case of fighting, fights involving two males were scored as a single event, while cases of all three males fighting with each other were recorded as double events. The numbers of each type of event scored during daily sessions were summed prior to analysis. All vials were observed on a daily basis until the death of the target female, at which time the date of each death (female longevity) was recorded.
In each of the first 3 days of the experiment, all living flies were transferred (after the completion of observations) using light anaesthesia to new vials containing fresh media. The numbers of eggs laid in these three sets of vials were immediately counted. After 14 days, the numbers of eclosed adults in the vials were also counted. Data from egg-to-adult viability yielded from the first 3 days of the experiment were later used to correct for differences between vials in offspring numbers resulting from inbreeding depression. For the remainder of the experiment, flies were transferred (with light anaesthesia) to new vials every second day. Eggs laid during these time periods were not counted, but the numbers of offspring eclosing from these vials 14 days later were recorded. These numbers were adjusted using the vialspecific egg-to-adult survivorship rates to generate estimated total egg values. Based on the final date of viable offspring production, we were also able to quantify a female's reproductive lifespan. Following the procedure of Carazo et al. [11] , all males were replaced, on average, every 7 days to ensure male coageing did not impact female mortality or fecundity. This was accomplished by replacing all old males every 6th or 8th day of the experiment (corresponding to the closest date of transfer of female flies to new vials) with virgin adult males collected from one of the two temporally offset sets of familial lineage populations. This protocol of vial-transfer and male-replacement was continued for each vial until the death of the target female.
(d) Statistical analysis
All statistical analyses were performed using R (v. 3.2.0, the R Foundation for Statistical Computing [38] ). When analysing cumulative totals for courtship and fighting events, we calculated the daily rate for each of these events in order to control for any potential confounds associated with differences in female longevity; this was done for estimated egg production rates (eggs per day) as well, although estimated lifetime totals were also analysed. Estimates for total egg production and egg production rate were compared across treatments. Total egg estimates were compared for the entire lifespan of the female, and for the first 3 days of the experiment-a time period that is evolutionarily relevant to the female owing to the nature of the IV population culture protocol. Fighting and courtship variables were compared as daily rates, while copulation events were compared as lifetime totals. All data were assessed for normality and homogeneity of variance, using the Shapiro -Wilk test and Levene's Test, respectively, in order to determine whether data met parametric assumptions.
To compare behaviour and fitness metrics for the three triplemale treatments (n ¼ 45 each), data were analysed using general linear models (GLMs) constructed with quasi-poisson error distributions. A model was created for each class of behavioural or fitness response, with treatment as an independent factor. The significance of treatment was determined using the Anova function (in the car package), with type II sums of squares. Following the identification of significant differences between treatments, contrast analysis was used to test a priori hypotheses about differences between treatments. Specifically, we contrasted data for: (i) groups of brother (all-related and males-related) were contrasted against the
Respectively, these contrasts allowed us to assess: (i) the effects of intra-sexual relatedness, regardless of male relation to a focal female; (ii) the effects of inter-sexual relatedness when males are all related to one another; and (iii) the effects of inter-sexual relatedness, regardless of male intra-sexual relatedness.
We created GLM models using data from the related-pair, unrelated-pair, all-related and males-related treatments (n ¼ 45 each) to assess the effects of both relatedness and exposure to multiple males. In these models, we used estimated egg numbers or behaviour traits as the response variable, with inter-sexual relatedness, the number of males as factors and their interactions as independent variables, and specified a quasi-poisson error distribution. Significance of these terms was determined as noted previously using likelihood ratio (LR) tests. To examine whether the presence of male rivals caused equivalent changes to behaviour and fitness outcomes across treatments differing in inter-sexual relatedness, data from single-male treatments (related-pair and unrelated-pair) were also compared with their corresponding triple-male treatments (all-related and males-related). This was accomplished using paired t-tests or paired Wilcox signed-rank tests when data did not meet parametric assumptions.
For both comparisons of intra-sexual and inter-sexual relatedness, female longevity and reproductive lifespan were assessed via survivorship analysis modelling (using the survreg function in the survival package), with number of males, inter-sexual relatedness and their interactions as independent variables.
Results (a) Effects of male intra-sexual relatedness
The daily courtship rate of males in the triple-male groups differed significantly between treatments, both over the entire lifespan (henceforth 'full-term') of the female (LR x Table 1 summarizes the values of these behaviours and fitness variables across treatments.
Despite the observed differences in courtship and fighting frequencies between treatments, no differences were found between these treatments for mean number of copulations observed (LR x 2 2 ¼ 1.142, p ¼ 0.565). Furthermore, no significant differences were observed between treatments for estimated total egg production either in the full-term (LR x 
(b) Effects of inter-sexual relatedness
The effects of inter-sexual relatedness were assessed via the paired comparison of the two paired single-male treatmentsrelated-pair versus unrelated-pair, and the correspondingly paired three-male treatments-all-related versus males-related. In these analyses, treatments were paired according to female lineage. The results of these analyses are presented in the electronic supplementary material, table S1, and revealed no significant differences between treatments differing in malefemale relatedness for any of the variables considered. We also analysed whether the number of males in a vial and intersexual relatedness (and the interaction between these two factors) were associated with differences in behaviour or fitness variables. The rate of courtship was significantly lower in single-male vials than in triple-male vials ( We observed a significant effect of the number of males in a vial on the lifetime production of eggs (F 1,176 ¼ 7.250, p ¼ 0.008). Females housed with three males produced fewer eggs when compared with single-male groups. However, total egg production was not affected by either inter-sexual relatedness (F 1,176 , 0.001, p ¼ 0.998) or its interaction with male quantity (F 1,176 ¼ 0.247, p ¼ 0.620). When egg production rates were compared, we found no significant effect of the number of males in a vial (F 1,176 ¼ 2.265, p ¼ 0.134), the relation of these males to the female (F 1,176 ¼ 0.006, p ¼ 0.940) or the interaction of these factors (F 1,176 ¼ 0.363, p ¼ 0.548). Similarly, no significant differences were detected for short-term total egg production (number of males: 
Discussion
In the quest to maximize fitness, selection has often favoured the evolution of traits by which an individual benefits by acting antagonistically towards others in the population (be they males or females) [12 -14,16,19,21,25] . It has been hypothesized that the magnitude of this conflict may be relaxed in the presence of kin, as an individual can benefit indirectly via the reproductive success of relatives [9, 10] .
A recent high-profile paper by Carazo et al. [11] attempted to test this prediction using D. melanogaster (an important model species for the study of sexual selection and sexual conflict), and found evidence of harm modulation. Their results have been controversial [29, 31] , and motivated our Table 1 . Summary statistics (mean + s.e.) from behavioural and life-history data collected from our five treatments (n ¼ Figure 2 . Boxplots showing distribution of female longevities (in days) observed in vials of D. melanogaster containing one female and male(s), in treatments differing in the number of males and/or the type of interand intra-sexual relatedness. Vials in the 'related-pair' consist of a single male and female from the same familial lineage; while in the 'unrelatedpair' treatment, the flies are from different lineages. In 'all-related' vials the males are related to each other and to the female, in 'males-related' vials the males are related to each other but not to the female and in 'all-unrelated' vials the all flies are from different familial lineages. Shading of boxes indicates whether the male(s) in a vial are related to the female (white) or are unrelated (grey). Boxplot components are as described in figure 1. rspb.royalsocietypublishing.org Proc. R. Soc. B 282: 20151991 attempt to replicate and extend the experiments of Carazo et al. [11, 30] . In our study, we set out to examine the potential role of kinship in intra-sexual interactions and fitness consequences, and further investigate inter-sexual interactions as this factor that has not previously been considered. Our assays revealed higher fighting and courtship rates in groups of unrelated males compared to groups of brothers, consistent with the observations of Carazo et al. [11] and ( partially) Carazo et al. [30] . Similar results have been interpreted [11, 30] as an indicator of altruistic behaviour between kin for the purpose of increasing inclusive fitness. However, we did not observe any decrease in the magnitude of harm inflicted on females when males were related. Females in our triplemale treatments did not differ in their longevity, or in the length of their reproductive lifespan. Furthermore, intrasexual kinship had no effect on female reproductive output, measured in the currency of egg production, in either the short-term or over a female's entire lifespan.
Additionally, we found no effect of kinship on any of the inter-sexual interactions or fitness outcomes in our paired comparisons of single or triple-male treatments (electronic supplementary material, table S1). While the number of males had a profound impact on the rate of intra-sexual behaviour and female longevity (figure 2), most fitness-related indices were unaffected by either kinship between male(s) and the female in the vial, or the interaction between kinship and the number of males (table 1) . In other words, males acted equally as antagonistically towards their sisters as they did towards unrelated females. In their study, Carazo et al. [11] had suggested that males modulate aggression when housed with kin to reduce the magnitude of harm done to brothers and to shared mates, thereby increasing indirect fitness gains. However, our study, like that of Chippindale et al. [31] , reveals no such fitness benefit. Additionally, the logic invoked to predict reduced intra-sexual aggression between brothers should also theoretically apply for inter-sexual interactions, as a male mating with a relative stands to gain twofold by acting less aggressively towards his sister-both directly via increased LRS from a mate with greater fecundity, and indirectly via the transmission of shared alleles inherited from the female. Therefore, the benefits of preferential treatment towards opposite-sex kin are potentially greater than cooperative behaviour between same-sex kin. However, the differences we see in the fitness of females exposed to a single male versus three males (figure 2) indicates that males are not reducing the magnitude of harm they cause to sisters in any meaningful way.
It is possible that fruit flies are unable to recognize female kin. This would account for the equal treatment of all potential mates regardless of shared relation. However, a study by Tan et al. [39] suggests that male D. melanogaster are capable of differentiating between females of different genetic or environmental backgrounds, which could theoretically include an ability to recognize individuals with whom they share a genetic or environmental background as well. A number of other studies do indeed report that D. melanogaster are capable of kin recognition, as individuals were observed to preferentially mate with relatives [33, 34] , which necessitates the ability to recognize kin. In our assay, we used flies with a high degree of relatedness, to increase the likelihood that differences between individuals would be easier to perceive, and so that the gains from indirect fitness would be maximized. Yet we found no evidence of inter-sexual kinrelated modulation of antagonistic behaviour, and little evidence of intra-sexual modulation-save for differences in fighting and courtship rates. But then how can we account for these observations (as well as those of Carazo et al. [11, 30] )? Our results have led us to question the plausibility of the kinship-modulated conflict explanation of Carazo et al. [11] and instead consider other reasons why levels of fighting and courtship may vary between treatments, independent of intra-sexual relatedness. Here we propose one potential alternative explanation, and present preliminary data in support of this hypothesis.
When considering groups of unrelated flies, it is almost inevitable that they will be more variable than groups of related flies. If variation in behaviour, such as aggression level or courtship intensity, has a genetic basis-something that has been extensively documented in D. melanogaster [13, 40 -43] -it is worth considering the possibility that the increased rates of fighting and/or courtship by genetically heterogeneous groups of males are the product of combining different genotypes together, and thus novel social environments [44, 45] . Indeed, Saltz [13] reported that the overall aggressiveness of a group of male D. melanogaster is influenced by the genetic composition of that group, or rather, by indirect genetic effects (IGEs). Further evidence for IGEs is provided by Kent et al. [46] , who report that chemical signalling employed by this species also varies based on the genotypes of neighbours; similar effects of genetic social environment have been documented in mice [47] . Therefore, if genetically determined aggression levels vary within our population, it is possible that social heterogeneity, rather than kinship, may be responsible for the between-treatment variation seen in overall group aggression.
To begin to test this hypothesis, we made use of the fact that for each of our 45 all-unrelated vials, we knew the familial identities of the three males that made up each trio, and that we also had made independent measurements of how members of each family acted when housed with others of the same sex and lineage (i.e. the phenotypic values measured from the males-related vials). Thus, we were able to create a synthetic dataset comprised a response variable (the fighting rate values observed in the 45 all-unrelated vials), and three independent variables (corresponding to the fighting rate values of the three families that made up each specific trio, ranked from most to least aggressive within each trio). This ranking was essential to understand the phenotypic composition of fighting rates in each combination of males, but it resulted in multicollinearity of the variables. Thus, we first performed a principal component analysis (PCA) on these three variables (using the princomp function in R) to convert them into a set of orthogonal, linearly uncorrelated variables (see table 2 for PCA loadings). Using the re-scored data, we created a model to determine whether we could predict the observed phenotypic variation in the all-unrelated vials (response variable). Our original model included all three principle components (and their interactions) as independent factors and was subsequently simplified by the sequential removal of all non-significant parameters, until we reached the minimum adequate model. Despite the limitations in our dataset, this model (table 3) was quite effective at describing a sizable fraction of the variation in fighting values observed in groups of unrelated males. In our model, we saw that in the synthetic group trios, when the range of 'fighting phenotypes' was reduced (i.e. male aggression levels were more similar to each other; rspb.royalsocietypublishing.org Proc. R. Soc. B 282: 20151991 electronic supplementary material, figure S2) , and when the male of intermediate aggressiveness displayed a relatively high aggression level within that range (electronic supplementary material, figure S3 ), there was a correspondingly higher frequency of overall conflict in the all-unrelated vial (table 3) . In essence, when trios comprise males with relatively similar levels of aggression, and the aggression phenotypes of the two most aggressive lineages were even more similar, this was associated with a greater frequency of fighting within the all-unrelated trio. This model (table 3) was able to predict group phenotypic variation in the all-unrelated fighting values. This preliminary analysis provides some tentative support for social composition as a driver of the behavioural differences observed in groups of unrelated individuals, but more research on this subject is warranted. Though we did not set out to deliberately create combinations that differed in their aggressive behaviours, our work, similar to the work of Billeter et al. [48] , Carazo et al. [11, 30] and Saltz [13] , does highlight the complexities associated with IGEs and is suggestive of a fruitful avenue for future research.
In summary, our experiment tested and extended the predictions of the kin selection model for conflict modulation. In our population, evidence for any modulation of conflict owing to shared relatedness is tenuous. While we did detect differences in intra-sexual interactions between related males, we did not observe any such effect of kinship on intersexual interactions, which are theoretically a more likely target for modulation by kin selection. Furthermore, in spite of altered male-male interactions, we did not observe any mediating effect on fitness outcomes for these groups. Because of the success with which our alternative model is able to predict male-male aggression between non-kin, we propose that the dynamics and structures of social groups (IGEs) may be more important factors both in our experiment and those of Carazo et al. [11, 30] and should be considered in future studies. Our results join the ranks of many other studies documenting the importance of social structure and their effects on conflict and other social behaviours [13, 10, 47, 48] . 
